Spectral studies of quiescent emission and bursts of magnetar candidates using XMM-Newton, Chandra and Swift data are presented. Spectra of both the quiescent emission and the bursts for most magnetar candidates are reproduced by a photoelectrically absorbed two blackbody function (2BB). There is a strong correlation between lower and higher temperatures of 2BB (kT LT and kT HT ) for the magnetar candidates of which the spectra are well reproduced by 2BB. In addition, a square of radius for kT LT (R 2 LT ) is well correlated with a square of radius for kT HT (R 2 HT ). A ratio kT LT /kT HT ≈ 0.4 is nearly constant irrespective of objects and/or emission types (i.e., the quiescent emission and the bursts). This would imply a common emission mechanism among the magnetar candidates. The relation between the quiescent emission and the bursts might be analogous to a relation between microflares and solar flares of the sun. Three AXPs (4U 0142+614, 1RXS J170849.0−400910 and 1E 2259+586) seem to have an excess above ∼ 7 keV which well agrees with a non-thermal hard component discovered by INTEGRAL.
Introduction
Among peculiar celestial objects in the universe, a dense highly magnetized neutron star (ρ ∼ 10 14 g cm −3
and B ∼ 10 15 G), so-called "magnetar" (Duncan & Thompson 1992; Paczyński 1992 ; Thompson & Duncan 1995; Thompson & Duncan 1996) , would be one of the most exotic objects. Soft gamma repeaters (SGRs) and anomalous X-ray pulsars (AXPs) are well known as magnetar candidates. An apparent difference between the SGRs and the AXPs would be considered from their first detections. The SGRs were discovered as sporadically bursting objects, while the AXPs were regarded as peculiar pulsars with long spin periods. However, current observations unveil a lot of similarities between these objects. They have, for instance, long spin periods (P ∼ 5-12 s) with spindown rates ofṖ ∼ 10 −10 -10 −13 s s −1 , no signature of a companion star, a distribution around the galactic plane (two magnetar candidates are in other galaxies), quiescent soft X-ray emission. Several of these objects have non-thermal hard (> 20 keV) components, some are associated with supernova remnants (SNRs), and bursting activity is not confined to the SGRs but is observed in the AXPs as well. Considering these similarities, the SGRs and the AXPs should be classified into a common class of objects.
So far, five SGRs (0501+4516, 0526−66, 1627 SGRs (0501+4516, 0526−66, −41, 1806 are known (Woods & Thompson 2006; Barthelmy et al. 2008) as well as three candidates, SGR 1801−23 (Cline et al. 2000) , SGR 1808−20 (Lamb et al. 2003) and SGR/GRB 050925. SGR/GRB 050925 was regarded as a gamma-ray burst (GRB) when first detected, but soon after was recognized as a new SGR (Holland et al. 2005) . On the other hand, ten AXPs (1E 2259+586, 1E 1048.1−5937, 4U 0142+614, 1RXS J170849.0−400910, 1E 1841−045, XTE J1810−197, AX J1845−0258, CXOU J010043.1−721134, CXOU J164710.2−455216 and 1E 1547.0−5408) are known to date (Woods & Thompson 2006; Dib et al. 2008 ) with one AXP candidate, AXP CXOU J160103.1−513353 (Park et al. 2006) . A short burst from AXP CXOU J164710.2−455216 was detected by Swift BAT (Krimm et al. 2006) at 01:34:52 on 2006 September 21. The follow-up observations performed by Swift XRT found a remarkable result in which the quiescent emission of post-burst became 190 times brighter than that of pre-burst . In addition to these objects, AX J1818.8−1559 discovered by ASCA (Sugizaki et al. 2001 ) recently exhibited a short burst ) similar to those from the magnetar candidates. Therefore AX J1818.8−1559 could be a new SGR or AXP .
The most exciting phenomena among the magnetar candidates would be a sudden release of huge energy in rather short period, the so-called giant flares from the SGRs. They typically have a short intense spike which last less than 1 s, and followed by a long pulsating tail which lasts a few hundred seconds. Their peak energy flux can be larger than ∼ 10 6 times Eddington luminosity. Theoretical studies suggested that the giant flares were triggered by a catastrophic deformation of the neutron star crust due to a torsion of the strong magnetic field (e.g., . Some different emission mechanisms have been proposed by several authors (Yamazaki et al. 2005; Lyutikov 2006; Cea 2006) . In the past three decades, three giant flares were recorded. The first detection, from the source now known as SGR 0526−66 in Large Magellanic Cloud (LMC), was made on March 5 in 1979 (Mazets, Golenetskii & Gur'yan 1979; Cline et al. 1980; Evans et al. 1980; Fenimore, Klebesadel & Laros 1996) . The second one from SGR 1900+14 was recorded on August 27 in 1998 (Hurley et al. 1999b; Feroci et al. 1999; Mazets et al. 1999; Feroci et al. 2001; Tanaka et al. 2007 ). More recently, the most energetic giant flare from SGR 1806−20 was observed on December 27 in 2004 (Cameron et al. 2005; Gaensler et al. 2005; Hurley et al. 2005; Mazets et al. 2005; Palmer et al. 2005; Terasawa et al. 2005; Tanaka et al. 2007 ). The fluence of its initial intense spike with 600 ms was evaluated to be ∼ 2 erg cm −2 by the plasma particle detectors on the Geotail space probe (Terasawa et al. 2005) .
Soft X-ray spectra of the quiescent emission of the SGRs and the AXPs were observed by a number of satellites. Although their spectral model is still under discussion, two two-component models are proposed. One of them is a photoelectrically absorbed two blackbody function (2BB). Spectral parameters of 2BB are reported by some authors for the SGRs (Mereghetti et al. 2006a ) and the AXPs (Tiengo et al. 2002; Morii et al. 2003; Gotthelf et al. 2004; Tiengo et al. 2005; Israel et al. 2006; Gotthelf & Halpern 2007) . Typical lower and higher temperatures are ∼ 0.5 keV and ∼ 1.4 keV, respectively. The other model is a photoelectrically absorbed power law plus a blackbody (PL+BB). Some authors report spectral parameters of PL+BB for the SGRs (Marsden & White 2001; Kurkarni et al. 2003; Mereghetti et al. 2005; Mereghetti et al. 2006a; ) and the AXPs (Morii et al. 2003; Patel et al. 2003; Rea et al. 2003; Gotthelf et al. 2004; Mereghetti et al. 2004; Woods et al. 2004; Tiengo et al. 2005; Gavriil, Kaspi & Woods 2006; Israel et al. 2006) . A typical power law index and a blackbody temperature are ∼ 3 and ∼ 0.5 keV. At present it is still unclear which model is more reliable or physically suitable.
Recent observations by the International Gamma-Ray Astrophysics Laboratory (INTEGRAL) discovered a nonthermal hard component in the spectra of the quiescent emission above 20 keV for 5 magnetar candidates (Molkov et al. 2005; Götz et al. 2006b; Kuiper et al. 2006) . The non-thermal hard component is well reproduced by a power law model, E −Γ , where Γ ranges from 1.0-1.8, while the soft X-ray emission below ∼ 12 keV, mentioned above, clearly indicates steeper power-law index of ∼ 3 if the PL+BB is applied as the model spectrum. Hence, the non-thermal hard emission seen by INTEGRAL is a different component and presumably has a different origin than the soft X-ray emission. Since some magnetar candidates have two different emission mechanisms, there seems to be more complex physics than expected before. Moreover, the non-thermal hard component shows pulsations for three AXPs, 1RXS J170849.0−400910, 4U 0142+614 and 1E 1841−045, through the INTEGRAL and RXTE observations (Kuiper et al. 2006) , which is related to a neutron star rotation, and hence there are particle acceleration processes in the vicinity of neutron stars (Kuiper et al. 2006) .
If the energy source of the quiescent emission and the bursts is the magnetic field as thought to be, at least very similar physical process would govern both of them and their spectra could emerge alike. It is claimed based on High Energy Transient Explorer 2 (HETE-2) data that the most acceptable spectral model of the short bursts from two SGRs 180620 and 1900+14 is 2BB even though it should be regarded just as an empirical model ). It would be also preferred to represent spectra of quiescent emissions by 2BB rather than BB+PL for SGRs, and even for AXPs if it is the same class of object. In this paper, we present a comprehensive spectral study with 2BB for both the quiescent emission and the for the magnetar candidates. 1RXS J170849.0−400910, 1E 1841−045 and 1E 2259+586) and a possible SGR or AXP candidate AX J1818.8−1559 were used in our study. For the sake of convenience, we shall refer to GRB/SGR 050925 and AX J1818.8−1559 according to the naming convention for SGRs, i.e., SGR 2013+34 and SGR 1819−16. Since results of spectral analyses with a photoelectrically absorbed two blackbody function (2BB) using data derived from XMM-Newton observations are reported for SGR 1900+14 (Mereghetti et al. 2006a) , AXP 1E 1048.1−5937 and AXP XTE J1810−197 (Gotthelf et al. 2004; , these data were not analyzed in our study. Two SGR candidates (1801−23 and 1808−20) were not also included in the analysis nor the X-ray counterpart of AXP AX J1845−0258 (Tam et al. 2006) since its location is still uncertain. An AXP candidate CXOU J160103.1−513353 was also not utilized, because Chandra observations are not archived at this point. Table 1 shows a summary of utilized magnetar candidates in our study. In this paper, we analyzed both the quiescent emission and the short bursts of the magnetar candidates.
Data Analyses of Magnetar Candidates
Observations of the quiescent emission utilized in our study were from the European Photon Imaging Camera (EPIC; Turner et al. 2001; Strüder et al. 2001 ) on-board XMM-Newton (Jansen et al. 2001) , the Advanced CCD Imaging Spectrometer (ACIS) on-board Chandra and the X-ray Telescope (XRT; Burrows et al. 2005) on-board Swift (Gehrels et al. 2004 ). The short bursts were observed by the Burst Alert Telescope (BAT, Barthelmy et al. 2005) . Among the three observational modes (pointing, slew and settling phase) of Swift XRT (Capalbi et al. 2005) 1 , only data in pointing mode were utilized. The data observed by XMM-Newton and Chandra with a timing mode, and by Chandra with a grating mode were not used to reduce spectral uncertainties.
Distances to Magnetar Candidates
Despite careful measurements by many satellites and ground telescopes, distances to the SGRs and the AXPs are still very uncertain.
In this paper, we used the distances in table 1 (see Woods & Thompson 2006 and references therein). Park et al. (2006) suggested d ∼ 5 kpc for AXP CXOU J160103.1−513353, if this source is associated with a SNR G330.2+1.0. If AXP CXOU J164710.2−455216 is related to the cluster Westerlund 1, the distance might be d ∼ 5 kpc . Since there are no measurements of the distances to two SGRs 2013+34 and 1819−16, their distances are assumed to be d = 10 kpc. The blackbody radii in this paper were calculated using the distances in table 1.
Data Reductions

XMM-Newton
The data reductions for XMM-Newton observations were made using the SAS 7.0.0 software in the following way. To apply the latest calibration results to the data, the basic pipeline processing using the SAS tasks emchain and epchain were performed. Proton flares are usually seen in the light curves of these observations (Snowden et al. 2004) 2 . If the count rate of the proton flare is large compared with the nominal background, the proton flare cannot be ignored in the spectral analyses. Therefore those high background time regions were excluded using a threshold of twice the nominal background. The effects of photon pile-up were investigated using epatplot for each observation. The circular foreground and background regions were determined by eye and their spectra were extracted using xmmselect. The response matrix files and the auxiliary response files were calculated using rmfgen and arfgen. We only considered phptons in the 0.6-12 keV band.
Chandra
The data reductions for Chandra observations were made using the CIAO 3.3 software in the following way. Since some observations were not applied to the latest calibration results, the new Level=2 event files were created for these observations. First, the acis detect afterglow corrections were removed using the CIAO tool dmtcalc. After that, hot pixels and cosmic ray afterglows were identified using acis run hotpix. Then, the new Level=2 event files were created using acis process events. applied to the latest calibration results, the circular foreground and background regions were determined by eye, and their spectra were extracted using dmextract. The response matrix files were calculated using acis fef lookup and mkrmf. The auxiliary response files were calculated using asphist and mkarf. We only considered phptons in the 0.1-6 keV band.
Swift BAT
The data reductions for Swift observations were made using the HEAsoft 6.1.1 software. For the data reductions of Swift BAT, the following steps were performed. Light curves in 15-150 keV were generated using batbinevt, and the foreground time regions were determined by eye for each burst. The foreground spectra were generated with those time regions using batbinevt. The background was already subtracted using a mask weighting method by the Swift Data Center. Corrections due to the spacecraft slewing during a burst were applied to the foreground spectral files using batupdatephakw. The systematic errors recommended by the BAT team were applied to the foreground spectral files using batphasyserr. The response matrix files were calculated using batdrmgen. We only used photons in the 15-15 keV band.
Swift XRT
To reduce the Swift XRT data we performed the following. We generated the Level 2 (screened) event files using the pipeline processing tool xrtpipeline. The effects of photon pile-up were investigated following the methods described by Romano et al. (2006) . The foreground and background regions were determined with a rectangle for WT mode and a circle for PC mode selected by eye. The spectra were extracted using XSELECT V2.3 which is part of the HEAsoft 6.1.1 software package. The auxiliary response files were calculated using xrtmkarf. The response matrix files included in CALDB 20060407 were utilized. We only considered photons in the 0.6-10 keV band.
Observations and Spectral Analyses
A recent study using HETE-2 data by Nakagawa et al. (2007) revealed that the most acceptable spectral model for the SGR short bursts is a 2BB. If the bursts and the quiescent emission are both activated by magnetic dissipation, the quiescent emission spectra may be reproduced by the same spectral model for the bursts (i.e., 2BB). Then we performed the spectral analyses with a 2BB model for both the short bursts and the quiescent emission for all samples. If reliable temperatures and/or radii were not determined using 2BB because of insufficient statistics due to small exposure times and/or a faint object, a photoelectrically absorbed single blackbody (BB) was used. Note that because the spectral analyses of the short bursts detected by Swift BAT were performed using data above 15 keV, a photoelectric absorption was not required.
Photon pile-up effect was negligible for all observations utilized here. We used shapes and sizes of the foreground and background regions presented in subsection 2.3 and tables 2-6, respectively. The spectral fits were performed with XSPEC 12.3.0 (Arnaud 1996) in HEAsoft 6.1.1 soft-ware. The spectra were binned to at least 25 counts in each spectral bin using grpppha. The spectral parameters are summarized in (table 2) . Among them, 4 observations were performed before the giant flare on 2004 December 27, while the other two observations were performed after it. The spectra were well reproduced by 2BB (table 7) .
This object was also observed at 11 epochs by Chandra from 2000 to 2006. The Chandra observations were not utilized in our study, because three imaging observations were affected by a photon pile-up effect (Kaplan et al. 2002) .
Burst on 2005
September 25 -A Candidate of SGR We analyzed the short burst from SGR 2013+34 (Holland et al. 2005) . The burst spectrum was generated using the Swift BAT data from 0.06 s to 0.17 s and well reproduced by 2BB (table 9) .
The X-ray counterpart was observed at 4 epochs by Swift XRT from 2005 to 2006. These observations were not utilized in our study, because we could not find the Xray counterpart or there was practically no exposure time for the WT mode. For PC mode, there was not enough statistics to perform the spectral analyses.
The follow-up observation by XMM-Newton (table 2) also detected the X-ray counterpart (De Luca et al. 2005) . The spectrum was reproduced by BB (table 7) , because reliable spectral parameters were not obtained by 2BB.
Burst on 2007 October 17 -A Candidate of SGR or AXP
We analyzed the short burst from SGR 1819−16 ). This object was observed at one epoch by XMM-Newton in 2003 (table 2) . Since reliable spectral parameters were not obtained by 2BB, BB was used (table 7) . In table 7, the temperature is a little bit larger than a typical value for the SGRs and AXPs (see figure 3 ) as already reported by Tiengo et al. (2007) . Note that a photoelectrically absorbed power law model (PL) also gave an acceptable result of χ 2 /d.o.f. = 56/74, which is consistent with a result reported by . Further observations should be encouraged to reveal whether SGR 1819−16 is a new SGR or AXP. 2.5.1. AXP CXOU J010043.1−721134 AXP CXOU J010043.1−721134 was observed at three epochs by XMM-Newton from 2000 to 2005. One observation on 2005 March 27 was not utilized in our study, because the pn camera was not operated, and the object fell on a gap of the CCD chips for the MOS1 and MOS2 cameras. For the other two observations (table 4), the data of the pn and MOS1 cameras were utilized in our study, because the object fell on a gap of the CCD chips for the MOS2 camera. The spectra were well reproduced by 2BB (table 10) .
AXP CXOU J010043.1−721134 was also observed at 6 epochs by Chandra from 2001 to 2004 (table 4) . The spectra for three observations were well reproduced by 2BB, while the spectra of the other three observations were reproduced by BB because reliable kT LT could not be obtained by 2BB (see table 11).
AXP 4U 0142+614
AXP 4U 0142+614 was observed at 4 epochs by XMMNewton from 2002 to 2004. One observation on 2002 February 13 was not utilized in our study, because the background level became 10 times higher than the ordinary background level (Göhler, Wilms & Staubert 2005) . We just utilized one observation on 2003 January 24 by the pn camera (table 4), because the other observations were performed with a timing mode or affected by pile-up. The spectrum was not reproduced by a 2BB (χ 2 /d.o.f. = 1086/819), because there seems to be an excess above ∼ 7 keV (table 10) .
This object was also observed at 4 epochs by Chandra from 2000 to 2006. Although three observations were archived, we did not utilize them because they were affected by pile-up.
AXP CXOU J164710.2−455216
We analyzed the short burst from AXP CXOU J164710.2−455216 (Krimm et al. 2006) . We generated the burst spectrum using the Swift BAT data from t = 0.0585 s to t = 0.0725 s, where t = 0 indicates the trigger time. Since reliable kT LT and R LT could not be obtained by 2BB, BB was used (table 12) .
The post-burst emission was observed 15 times by Swift XRT from 2006 to 2007. We performed the joint spectral analyses using the data in both WT and PC modes for four observations, and their spectra were well reproduced by 2BB (table 12) . On the other hand, the spectra of the other 12 observations were fitted by BB (table 12) , because reliable kT LT and R LT could not be achieved by 2BB.
The quiescent emission was observed at 7 epochs by Chandra from 2005 to 2007. The observations were performed before the short burst, while the other 5 observations were performed after it. The two pre-burst observations (table 5) were utilized, because the post-burst observations were performed in timing mode. The spectral analyses by BB gave a rather large reduced χ 2 which were consistent with Muno et al. (2006) . The spectral analyses were improved using 2BB, but a reliable kT HT could not be obtained. In table 11, we report the results of the spectral analyses by BB.
Although the quiescent emission of the post-burst was observed at one epoch by Suzaku in 2006 (Naik et al. 2008 ), we did not utilize this data in our study. The two follow-up observations by XMM-Newton were not utilized, because they were not archived at this point. (table 4) . Since pileup for the MOS1 and MOS2 cameras was significant, only the pn camera data was utilized. The spectrum was not reproduced by a 2BB (χ 2 /d.o.f. = 1566/1232), there seemed to be an excess above ∼ 7 keV (table 10), similar to AXP 4U 0142+614 (see subsubsection 2.5.2). 2.5.5. AXP 1E 1841−045 AXP 1E 1841−045 was observed at two epochs by XMM-Newton in 2002 (table 4). The spectra were well reproduced by 2BB (table 10) .
This object was also observed by Chandra in 2000 and the detailed spectral analyses with 2BB were reported by Morii et al. (2003 This object was also observed at two epochs by Chandra in 2000 and 2006. These observations were not utilized in our study, because one observation on 2000 January 12 was affected by pile-up (Patel et al. 2001 ) and the other observation on 2006 May 9 was not archived at this point.
Discussions
Two Possible Spectral Models for Quiescent Emission
Quiescent emission spectra of the AXPs were used to examine the blackbody plus power law model (BB+PL). Recent studies suggested that the quiescent emission spectra of the SGRs and AXPs are reproduced by either a two blackbody function (2BB) or a BB+PL. To compare 2BB and BB+PL, spectral fits for one SGR 1806−20 observation (0205350101) and one AXP 4U 0142+614 observation (0112781101) were performed using these two spectral models. For SGR 1806−20, a spectral fit with 2BB gives χ 2 /d.o.f. = 2244/2224 with P = 0.38, while a spectral fit with BB+PL gives χ 2 /d.o.f. = 2274/2224 with P = 0.23. Here, P denotes a null hypothesis probability. For AXP 4U 0142+614, a spectral fit with 2BB gives χ 2 /d.o.f. = 1086/819 with P = 10 −10 , while a spectral fit with BB+PL gives χ 2 /d.o.f. = 978/819 with P = 10 −5 . In this case, both spectral models are rejected. These three datasets have all good statistics, therefore these acceptability and unacceptability of the fits are not simply due to their statistics, and may reflect complexity of spectral shape of radiations from these SGRs and AXPs. A recent study using HETE-2 data reports that the most acceptable model of SGR short burst spectra is 2BB even if it is an empirical model . It is very interesting to investigate if the spectra of both the quiescent emission and the bursts are reproduced by same spectral model 2BB.
Spectral Parameter of Two Blackbody Function
As shown in subsection 2.4, both the spectra of the quiescent emission and short bursts were well reproduced by 2BB with some exceptions.
The quiescent emission spectra of three AXPs (4U 0142+614, 1RXS J170849.0−400910 and 1E 2259+586) seemed to have an excess above ∼ 7 keV (see subsection 3.3). In some cases, the spectra of the quiescent emission and short bursts were fitted with a photoelectrically absorbed single blackbody function (BB). This was just due to a low X-ray flux and/or insufficient exposure time to determine the reliable 2BB spectral parameters. Therefore we restrict our discuss to spectra that were well modeled by a 2BB model in order to investigate the global characteristic among the magnetar candidates, and between the quiescent emission and the bursts. Figure 3 shows the relationship between lower and higher temperatures (kT LT and kT HT ). The 2BB temperatures were obtained by our study and previous works (Morii et al. 2003; Feroci et al. 2004; Olive et al. 2004; Gotthelf et al. 2004; Tiengo et al. 2005; Götz et al. 2006a; Mereghetti et al. 2006a; Nakagawa et al. 2007 ). The 2BB temperatures of 51 short bursts detected by HETE-2 are also plotted in figure 3 ).
In figure 3 , there seems to be a strong correlation between kT LT and kT HT . It is remarkable that the correlation seems to be independent of the objects and/or the emission types (the quiescent emission or the burst). In order to clarify the correlation, it is essential to consider systematic errors among the satellites. The systematic errors of fluxes between XMM-Newton and Chandra are reported to be 10-20% (Snowden 2002) 3 . Since the data of these satellites are important for the correlation, we focus our attention on the above systematic errors of 15%. The amount errors are described by σ 2 1 + σ 2 2 , where σ 1 and σ 2 are statistical and systematic errors, respectively. The kT LT -kT HT relation was fitted with a power law model kT HT = A(kT LT ) η , where A is a normalization and η is an index. Here, the errors on kT HT were taken into account for the fitting. In the following discussions, quoted errors on all parameters are 90% confidence level. The parameters were found to be A = 2.7 ± 1.1 and η = 1.0 ± 0.3 with χ 2 /d.o.f. = 86/92. Interestingly, the derived index is just unity; this implies that kT LT and kT HT have a linear correlation and the ratio kT LT /kT HT = 0.37 ± 0.15 is almost constant over 1.5 order of magnitudes. The linear correlation coefficient between kT LT and kT HT was r = 0.99. In addition, the relation was separately determined for the quiescent emission and the burst, where the parameters were A = 2.6 ± 0.9 and η = 1.0 ± 0.3 with χ 2 /d.o.f. = 28/27, and A = 5.8 ± 2.5 and η = 0.4
f. = 18/63, respectively. The linear correlation coefficient was r = 0.97 for both cases. The index for the quiescent emission is consistent with that for the burst within 90% confidence level. This means that kT LT and kT HT are very well correlated irrespective of objects and/or emission types (i.e., the quiescent emission and the bursts). Note that the fitting with the errors on kT LT gave consistent results in each model fitting. It is also worth noting that the spectrum of a tentative magnetar candidate, 1E 1207−5209, was well reproduced by 2BB (De Luca et al. 2004) , and the ratio kT LT /kT HT = 0.514 ± 0.004 is marginally consistent with the ratio of the magnetar candidates.
The constant ratio kT LT /kT HT ≈ 0.4 may imply that the spectra of the magnetar candidates have a similar shape, the emission radii should be considered. Indeed, there seems to be a correlation between R 2 LT and R 2 HT (figure 4). The 2BB radii are derived from our study and the previous works. The solid line in figure 4 shows that a ratio defined as (R LT /R HT ) 2 get constant value (0.01). The linear correlations of kT LT -kT HT and R 2 LT -R 2 HT might imply that all the spectra have similar shape. In other words, there might be the same emission mechanisms among the magnetar candidates, and between the quiescent emission and the bursts even though 2BB is an empirical model. The latter is reminiscent of the relationship between frequent microflares and ordinary solar flares of the sun (Feldman et al. 1995; Shimizu 1995; Yuda et al. 1997) . The microflares are dim, small scale flares, while the solar flares are bright, large scale flares. The microflares are thought to play an important role to heat the solar corona. Recently, it was revealed by Hinode (Ichimoto et al. 2005 ) that the microflares oc-
3
The other document is available at http://cxc.harvard.edu/ccw/proceedings/04 proc/presentations/kashyap/kashyap.pdf. curred in the active bright regions on the surface of the sun. Considering the relationship between the microflares and the solar flares, the quiescent emissions of the magnetar candidates could be due to frequent small scale activity. On the other hand, the could be due to larger scale activity (or an avalanche like event of the small scale activity).
In figure 3 , kT HT of the quiescent emission for some magnetar candidates clearly exceeds ∼2 keV. Using kT HT and R HT obtained from the observation of 0148210101 for SGR 1806−20, a flux of the kT HT component turned out to be F HT = 4.84 × 10 25 (kT HT /2.62 keV) 4 ergs cm −2 s −1 , larger than the Eddington flux
, where M NS is the mass of the neutron star and R NS is the radius of the neutron star. This implies that a radiation pressure is very strong and the plasma of the kT HT component cannot exist steadily. This could be due to the combined effects of the confinement of the plasma and the strong magnetic field surpressing the motion of the particles in directions perpendicular to the field lines, thus decreasing the cross-sectin for Compton scattering.
One can see large emission radii of R 2 LT > ∼ 100 2 km for the bursts in figure 4 . The magnetic field, B, is dramatically decreased as one moves from the center of the neutron star, R, because B ∝ R −3 . The plasma of the kT LT component might be diffused by radiation pressure without a magnetic field as strong as ∼ 10 15 G at R > ∼ 100 km. To investigate whether the plasma is diffused, the magnetic pressure and the radiation pressure at R > ∼ 100 km were investigated. The magnetic pressure and the radiation pressure at an outer radius of the emission region were estimated using spectral parameters of the short burst of #3854 (kT LT = 1.7 keV and R LT = 136 km) in Nakagawa et al. (2007) . A spherical emission region was considered for the sake of simplicity. The center of the emission region was assumed to be aligned to the center of the neutron star. The magnetic pressure turns out to be p m ∼ 1.6 × 10 21 (R/136 km) −6 (B s /5.0 × 10 14 G) 2 ergs cm −3 , where B s is the assumed surface dipole magnetic field at R = 10 km. The radiation pressure turned out to be p r ∼ 3.8 × 10 14 (kT /1.7 keV) 4 ergs cm −3 , where kT is a blackbody temperature of the emission region. Consequently, the plasma is not diffused by the radiation pressure because p m > p r . Figure 5 shows the relationships between kT LT and R
LT
(left), and between kT HT and R 2 HT (right). One may see that data points of the quiescent emission and the burst are apparently clustering in separate areas of this plot despite the linear correlations for kT LT -kT HT and R HT correlations, and the above mentioned speculations, the bolometric luminosity might be given by a function of kT LT , kT HT , R LT or R HT with the same indices irrespective of the emission types (i.e., the quiescent emission and the bursts). To clarify this hy-pothesis, relations between the bolometric luminosity and kT LT , kT HT , R LT or R HT were investigated. We found that the index of the quiescent emission was not consistent with the index of the burst in any cases. Therefore, the apparent clustering in separate areas for the quiescent emission and the burst in figure 5 might not be real. It is obvious to consider the detectability for the burst with the instrument of wide field of view, such as the WXM on-board HETE-2, comparing to that of the narrow field of view detectors with X-ray telescopes for the quiescent emission. In figure 5 , the dotted and dashed lines correspond to bolometric fluences of 10 −8 and 10 −9 ergs cm −1 , respectively. Most of the short bursts localized by the WXM/HETE-2 have fluences greater than 10 −8 ergs cm −2 ). This may suggest that dim bursts ( < ∼ 10 −8 ergs cm −2 ) are not detectable by the WXM/HETE-2. Such dim bursts may fall on a gap between the burst population and the quiescent emission population.
An Excess above ∼ 7 keV for Three AXPs
Soft X-ray spectra of the quiescent emission of three AXPs 1E 2259+586, 4U 0142+614 and 1RXS J170849.0−400910 observed by XMM-Newton were not reproduced by 2BB in spite of enough statistics (see subsection 2.4). One can see an excess above ∼ 7 keV in their spectra.
Recent studies discovered a non-thermal hard component above ∼ 20 keV in the quiescent emission of the SGRs and the AXPs using data derived from INTEGRAL observations (Molkov et al. 2005; Götz et al. 2006b; Kuiper et al. 2006) . The spectra of the non-thermal hard component were well reproduced by a power law model (Molkov et al. 2005; Götz et al. 2006b; Kuiper et al. 2006) . Kuiper et al. (2006) reported the non-thermal hard component for the AXPs 4U 0142+614 and 1RXS J170849.0−400910, while they estimated just an upper limit for AXP 1E 2259+586.
The excesses above ∼ 7 keV in our data seem to be associated with the non-thermal hard component above ∼ 20 keV discovered by INTEGRAL. To investigate our idea, a power law model related to the nonthermal hard component reported by Kuiper et al. (2006) was added to the 2BB and BB+PL spectral fits. A photon index and a normalization at 20 keV of the additional power law model were fixed to 1.05 and 2.3 × 10 −5 photons cm −2 s −1 keV for AXP 4U 0142+614, and 1.44 and 8.8 × 10 −6 photons cm In figure 2 (a), the schematic view of a 2BB+PL spectrum for AXP 4U 0142+614 is represented. The circles and squares denote observational data, while the dashed, dot-dash and dotted lines are model. For the sake of comparison, the schematic view of a BB+2PL spectrum for AXP 4U 0142+614 is also shown in figure 2 (b). Note that a distinctive hard component (e.g., the harder power law) is required for either case to represent non-thermal component seen by INTEGRAL separately from the higher temperature blackbody or secondary steep power law model. The non-thermal hard component can affect the low energy spectra ( < ∼ 12 keV). The apparent disagreement between the quiescent emission spectra and 2BB for the three AXPs (1E 2259+586, 4U 0142+614 and 1RXS J170849.0−400910) might be due to a narrow observational energy band (e.g., < ∼ 12 keV). Therefore, one must not reject 2BB just using the data of the X-ray band.
Although only the upper limit of a normalization (less than 3.3 × 10 −6 photons cm −2 s −1 keV at 30 keV) was reported for AXP 1E 2259+586 (Kuiper et al. 2006 ), this upper limit was marginally consistent with a normalization estimated by our spectral analyses within the error. The non-detection of the non-thermal hard component above 20 keV for AXP 1E 2259+586 by INTEGRAL (Kuiper et al. 2006 ) might imply that a photon index is very steep and/or there is a spectral cutoff.
To search the non-thermal hard component for AXP 1E 2259+586 and also other magnetar candidates would be very important for understanding the intrinsic physics of magnetars. The detailed studies of the nonthermal hard component would be achieved by simultaneous observations by highly-sensitive detectors such as the X-ray imaging spectrometer (0.2-12 keV; Koyama et al. 2007 ) and the hard X-ray detector (10-700 keV; Takahashi et al. 2007 ) on-board Suzaku (Mitsuda et al. 2007 ).
Conclusions
The spectral studies using the photoelectrically absorbed two blackbody function (2BB) were presented for the quiescent emission and the burst of the magnetar candidates. The spectra of the quiescent emission were well reproduced by a 2BB with some exceptions. The spectra of three AXPs (4U 0142+614, 1RXS J170849.0−400910 and 1E 2259+586) seem to have an excess which might be due to a non-thermal hard component discovered by INTEGRAL. The spectrum of the burst from the SGR candidate SGR 2013+34 was also well reproduced by 2BB.
A strong linear correlations between kT LT and kT HT was found using 2BB spectra. The ratio kT LT /kT HT ∼ 0.4 is almost constant irrespectively of the objects and/or emission types (burst or quiescent emission). The relationship between R 2 LT and R 2 HT seems to have a linear correlation. Considering these correlations, there seems to be a common emission mechanism among these objects, and between the quiescent emission and the burst. The relationship between the quiescent emission and the burst might be similar to the relationship between microflares and an ordinary solar flares of the sun. The quiescent emission might be due to very frequent small activity similar to the microflares. On the other hand, the burst might be due to a relatively large activity similar to the ordinary solar flare. We would like to thank an anonymous referee for helpful comments and suggestions to improve our paper. This work is based on observations obtained with XMMNewton, an ESA science mission with instruments and contributions directly funded by ESA Member States and NASA. We would like to thank public data archive of Chandra. This research has made use of software provided by the Chandra X-ray Center (CXC) in the application packages CIAO, ChIPS, and Sherpa. We acknowledge the use of public data from the Swift data archive. YEN is supported by the JSPS Research Fellowships for Young Scientists. This work is supported in part by a special postdoctoral researchers program in RIKEN. Fig. 3 . Relationship between the 2BB temperatures kT LT and kT HT . The triangles and squares denote the previous work on the bursts (Feroci et al. 2004; Olive et al. 2004; Götz et al. 2006a; Nakagawa et al. 2007 ) and the quiescent emission (Morii et al. 2003; Gotthelf et al. 2004; Tiengo et al. 2005; Mereghetti et al. 2006a) , respectively. The circles and stars denote our work on the bursts and the quiescent emission, respectively. The line represents the best-fit power law model. Fig. 4 . Relationship between the square of the blackbody radii R 2 LT and R 2 HT . The triangles and squares denote the previous work on the the bursts (Olive et al. 2004; Nakagawa et al. 2007 ) and the quiescent emission (Morii et al. 2003; Tiengo et al. 2005; Mereghetti et al. 2006a) , respectively. The stars denote our work on the quiescent emission. The solid line shows a ratio of R 2 HT to R (1) Kurkarni et al. (2003) ; (2) ′′ # * Object name of the SGRs (2013+34 denotes SGR candidate SGR/GRB 050925 and 1819−16 denotes SGR candidate AX J1818.8−1559). † XMM-Newton observation ID. ‡ Start and end time of observations. § Observation mode for each instrument; full-window mode (Full), small-window mode (Small), partial-w2 mode (P-W2), partial-w3 mode (P-W3) and fast-uncompressed mode (Fast-U).
Energy [keV]
Net exposure time for each instrument. t denotes the data sets obtained by the MOS cameras in timing mode and not utilized. # The background regions were extracted from an annular region whose center was the source position. The first values are source radii, and the inner radii of the background regions. The second values are outer radii of the background regions. ‡ Start and end time of the observations. § Observation mode for each instrument; extended full-window mode (E-Full), Full-window mode (Full), small-window mode (Small), fast-uncompressed mode (Fast-U), fast-timing mode (Fast-T), partial-w3 mode (P-W3), large-window mode (Large) and partial-w2 mode (P-W2).
Net exposure time for each instrument. g denotes that the source fell on a gap of the CCD chips, t denotes observations in timing mode, and p denotes that the data sets are affected by a photon pile-up. These data sets were not utilized. Net exposure time. # Since the source fell on an off-axis CCD chip, the source region was extracted from an elliptical region with major and minor axes of 11 ′′ and 10 ′′ , respectively. The source and background regions were extracted from a rectangle region. Two background regions are utilized near both sides of the source region. Table 7 . Spectral parameters of the quiescent emissions of the SGRs observed by XMM-Newton. F denotes a flux in the energy range 15-150 keV in units of 10 −6 ergs cm −2 s −1 with 68 % confidence level errors. ‡ kT LT and kT HT denote the blackbody temperatures with 90 % confidence level errors. § R LT and R HT denote the emission radii with 90 % confidence level errors. F denotes fluxes in the energy ranges 15-150 keV in units of 10 −6 ergs cm −2 s −1 for the burst observation of 00230341000 and 2-10 keV in units of 10 −12 ergs cm −2 s −1 for other observations with 68 % confidence level errors. # Results for the burst.
